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Abstract
Background—Suggestions that breast
cancer may be more common in patients
with primary biliary cirrhosis (PBC) have
been challenged. It has recently been pro-
posed that total cancer rates may be
higher in patients with PBC, as well as
liver cancers.
Aims—To investigate these proposals on a
strictly defined case series.
Subjects—A total of 769 prevalent or inci-
dent PBC patients with “definite” or
“probable” disease detected in a defined
area of the north-east of England during
1987–94.
Methods—Cancer events and deaths were
identified by obtaining information from
one or more of the following sources:
OYce for National Statistics (ONS) Cen-
tral Registers, Regional Cancer Registry,
and clinical case records. Standardised
cancer incidence (SIR) and mortality
ratios (SMR) were calculated using the
local region as the standard population.
Results—There were 97 cancer events
during 1987–96. SIR from cancer registra-
tions for all cancers was 1.7 (95% confi-
dence interval (CI) 1.3 to 2.2), for liver
cancer was 74 (95% CI 32 to 146), and for
breast cancer was 1.1 (95% CI 0.4 to 2.4).
SMR for all cancers was 1.8 (95% CI 1.4 to
2.4), for liver cancer was 39 (95% CI 20 to
68), and for breast cancer was 0.4 (95% 0.1
to 1.6). The results were similar after
excluding the first year of follow up after
PBC diagnosis.
Conclusions—There was some evidence of
a small increase in overall cancer inci-
dence and mortality in PBC patients.
With the exception of liver cancer, it is
unlikely that there is a high excess inci-
dence for PBC patients from any cancer at
a particular site, and specifically breast
cancer.
(Gut 1999;45:756–760)
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Primary biliary cirrhosis (PBC) is a chronic
autoimmune liver disease. While it is widely
recognised that PBC may be associated with
other autoimmune diseases,1 2 its possible rela-
tion with cancer is unclear. Early reports indi-
cated increased risk of extrahepatic cancers in
general, and breast cancer in particular,3–5 but
evidence from later studies has been conflict-
ing. Confirmation or refutation of the putative
association between PBC and one or more
malignancies is not merely of academic inter-

est: it would aVect patient management, in
terms of extra surveillance. Possible explana-
tions for the conflicting conclusions so far are:
the variation in case finding methods; the small
size of some case series; and the relatively short
follow up time. We report the results of investi-
gating the link between cancer and PBC in a
large case series in north eastern England, in
which multiple methods of case finding and
strict diagnostic criteria have been used.

Methods
We have completed a comprehensive case find-
ing study to determine the epidemiology of
PBC. The methods used in this study have
been described previously in more detail,6 but
are described briefly below.

The study area comprised the adjacent
health districts of Newcastle and North Tyne-
side, Gateshead and South Tyneside, North-
umberland, Sunderland, and Durham in north
eastern England: the total population is
approximately 2 million.

This study included both definite and prob-
able cases of PBC. The diagnosis of PBC was
considered definite if all three of the following
diagnostic criteria were met: antimitochondrial
antibodies present in at least 1/40; abnormal
liver function tests; and diagnostic or compat-
ible liver histology. Probable PBC was defined
as any two of the above. Many cases in this
cohort were eventually diagnosed as definite
PBC, but as the final test (particularly the con-
firmatory liver biopsy) was often not done until
some time after other evidence first occurred,
the “date of presumed diagnosis” was taken to
be the first date on which at least two of the
above three investigations were found abnor-
mal on reviews of clinical case records. This
reduced any bias in diagnosis dates caused by
intensive case finding.

Case finding was carried out for the period 1
January 1987 to 31 December 1994. The
methods of case finding were: requests to all
consultant gastroenterologists in the region for
details of patients with PBC; hospital admis-
sion data on patients with ICD9 Code 576.1 or
ICD10 Code K74-3 from all hospitals in the
region; examination of autoantibody screen
results from immunology laboratories in the
region; and death certificates from all individu-
als dying in the region with PBC mentioned on
the death certificate. All prevalent cases on 1
January 1987 and all cases diagnosed between
1987 and 1994 were included in the cohort.

Abbreviations used in this paper: HCC,
hepatocellular cancer; PBC, primary biliary cirrhosis;
SIR, standardised incidence ratio; SMR, standardised
mortality ratio.
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Information on any cancer registration or
death for patients in this cohort was obtained
from the OYce for National Statistics Central
Registers and the regional cancer registry. As
many cancers are not fatal, cancer incidence is
of more interest than cancer mortality. How-
ever, given problems with completeness of
cancer registrations, and the inability to obtain
information at a national level for registrations
beyond 1993, we have also used cancer
mortality as a proxy. The suspected lack of
completeness led us to also search patients’
hospital notes for information about further
cancer diagnoses, in order to see whether there
was evidence of under registration. Infor-
mation on cancer diagnosis from hospital notes
was not used in the main analyses, as we were
comparing the rates of registered cancer cases
in PBC patients to those registered in the gen-
eral population.

We excluded patients whose diagnosis of
cancer preceded the diagnosis of PBC (preva-
lent cancers) from the main analyses. Although
a general link between cancer and PBC would
be of interest, the way this cohort was
assembled was only suitable for investigating
cancers occurring after PBC diagnosis: it is the
diagnosis of PBC which makes subjects eligible
for the cohort, and it is the date on which PBC
was diagnosed from which follow up starts.
The analyses have been carried out with and
without the period of follow up for a year after
PBC diagnosis. This was to reduce the impact
of selection bias (the investigation of symptoms
shortly after PBC diagnosis might increase the
chance of cancer being investigated and
diagnosed) and has been used in similar
studies.7–9

Person years at risk were calculated for each
patient starting immediately (and one year)
after diagnosis of PBC, and ending with cancer
registration, death, or end of follow up period.
Annual cancer incidence and mortality rates by
sex and five year age bands were obtained from
the Northern and Yorkshire Cancer Registry
for the northern region of England which cov-
ers the study area. Mortality rates were
available up to 1996, but cancer registration
data were only available up to 1993, so follow
up is to the end of 1996 for mortality calcula-
tions and the end of 1993 for incidence calcu-
lations. The standardised incidence and mor-
tality ratios and their 95% confidence intervals
based on the Poisson distribution were then
calculated using the Northern region as the

standard population. As cancer at many sites is
very rare, some sites were grouped together for
analysis: these groupings were chosen prior to
seeing any results.

Results
In total, 769 subjects fulfilled at least two case
criteria for PBC within the study area and
period. Table 1 outlines some characteristics of
this cohort of patients. Thirty nine per cent of
them had been diagnosed with PBC between
1969 and 1986 and were still alive at the start
of the study period, and 61% were diagnosed
within the case finding period (9% after the
end of 1993, so they could only contribute to
the cancer mortality comparisons). The pa-
tients were predominantly female, with a
median age at diagnosis of 63 years (range
17–91). In 97 individuals a cancer event
occurred (death, registration, or information in
hospital notes) during 1987–96, but in 15 of
them the cancer event preceded diagnosis of
PBC; these events were therefore excluded
from later analysis. In 14 subjects the cancer
registrations occurred before the diagnosis of
PBC: the cancers had been registered between
17 days and 17 years before PBC was
diagnosed. There were two stomach cancers,
one respiratory, two breast, four reproductive,
one urinary, and two haematological cancers. A
table is available from the authors listing the
cancer events which occurred after PBC
diagnosis during the follow up period. This
illustrates the distribution of cancer over the
diVerent sites, and over time, and the timing of
PBC diagnosis, cancer registration, death from
cancer, and first mention of cancer in hospital
notes.

The total number of person years at risk of
follow up in the incidence calculation was 2641
when using all incident cancers, and 2279
when omitting the first year of follow up after
PBC diagnosis. Table 2 gives the standardised
incidence ratios (SIR). These results show that
for PBC patients there was a significantly
raised risk of all cancers (SIR = 1.7), and con-
siderably higher liver cancer risk (SIR = 74.3).
However, the increased risk of cancer at all sites
was no longer significant when the first year of
follow up was excluded. There was no
significantly increased risk of breast cancer
with the SIR being 1.1 for total follow up
period, and 1.0 excluding the first year after
PBC diagnosis.

The total number of person years of follow
up in the mortality calculation was 4190 years
when including all deaths, and 3743 years
when excluding cancer deaths within a year of
diagnosis of PBC. The length of follow up for a
subject varied between one day and 10 years
with a median of 5.4 years. Table 3 gives the
standardised mortality ratios (SMR). These
results show that for PBC patients there were
significantly raised risks of dying from all can-
cers (SMR = 1.8), respiratory cancer (SMR =
2.4), and haematological cancers (SMR = 3.9);
the risk of liver cancer was considerably raised
(SMR = 38.6). The results were similar when
the first year of follow up was excluded. The
SMR for breast cancer was 0.4 and 0.3 for

Table 1 Characteristics of study cohort

Characteristic All
Cancer diagnosis
post-PBC diagnosis

No of patients with PBC 769
PBC prevalent at 1/1/87 301 (39%)
PBC diagnosed between 1/1/87 and 31/12/93 402 (52%)
PBC diagnosed between 1/1/93 and 31/12/94 66 (9%)
Female 693 (90%)
Male 76 (10%)
No of cancer events 1987–96
Cancer deaths 65 58
Non-fatal registered cancers 23 16
Non-fatal cancers in hospital notes only 9 8

Non-cancer deaths 1987–96 239

PBC, primary biliary cirrhosis.
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these two analyses, and there was no evidence
of a significantly increased risk of breast cancer
mortality in either.

Discussion
These results come from a large cohort of PBC
patients identified by comprehensive and strict
case finding methods. The incidence and
prevalence of PBC is high in this part of the
UK. A recent study reported an average annual
incidence of definite and probable PBC of 43
per million, and an average mid year prevalence
of definite and probable PBC of 311 per
million in 1987–94 in one of the districts in the
study area6: figures of 28.6 and 202.5 per mil-
lion respectively were found for the whole
study area. The subjects were predominantly
female, and were diagnosed in their sixth and
seventh decades. This is at the upper end of the
age range reported elsewhere and may have
been aVected by the case finding methods
used. Many previous studies were based on
cases from regional referral centres which
would be more likely to include both younger
and symptomatic patients, and those with more
complex medical histories.

Cancer events were not always reported con-
sistently across sources. However, very few
cancer registrations were available after 1993,
so a cancer death or hospital diagnosis

post-1993 may not have had a matching regis-
tration, simply because these data had not yet
been released. Nevertheless, the results show
that many cancer events were only notified to
the cancer registries at the death of the patient.
This could be because diagnosis was only made
after death, or because cancer registration did
not happen after diagnosis as it should. This
was investigated by looking at hospital notes,
where they were available, to see if their infor-
mation on cancer diagnosis was similar to reg-
istry records. There were some discrepancies
between cancer registration and hospital
records, but not in a particular direction. There
were eight cancer events after PBC diagnosis
which were only recorded in hospital notes.
However, only five were pre-1993, when regis-
tration information was available. Hospital
notes will not always contain details of any
cancer diagnosis, if care is being entirely dealt
with by a general practitioner. These results do
not suggest that there was a large problem of
non-registration of cancers. There seems little
reason to suggest that these problems should
be any worse for PBC patients than any other
member of the population, so the standardised
rates should not be biased.

Cancer events in which cancer registration
occurred before the diagnosis of PBC were
excluded from the analysis, as the person years

Table 2 Standardised incidence ratio (SIR) of cancer in patients with primary biliary cirrhosis (PBC)

Observed

Site of cancer (ICD9 code) All Male Female Expected SIR 95% CI

Including all years of follow up
All cancers (140–208) 50 9 41 29.7 1.7 1.3 to 2.2
Digestive (150–154, 157) 6 2 4 5.8 1.0 0.4 to 2.2
Liver (155) 8 3 5 0.1 74.3 32.1 to 146
Respiratory (162) 10 2 8 5.2 1.9 0.9 to 3.6
Breast (174) 6 – 6 5.5 1.1 0.4 to 2.4
Reproductive (179–180, 182–183) 4 – 4 2.7 1.5 0.4 to 3.8
Urinary (188–189) 1 0 1 0.4 2.9 0.1 to 16.2
Haematological (200–208) 4 1 3 1.5 2.6 0.7 to 6.7
Excluding experience in first year after PBC diagnosis
All cancers (140–208) 36 6 30 26.5 1.4 0.9 to 1.9
Digestive (150–154, 157) 3 1 2 5.2 0.6 0.1 to 1.7
Liver (155) 7 3 4 0.1 72.7 29.2 to 150
Respiratory (162) 7 0 7 4.6 1.5 0.6 to 3.1
Breast (174) 5 – 5 4.9 1.0 0.3 to 2.4
Reproductive (179–180, 182–183) 3 – 3 2.4 1.3 0.3 to 3.7
Urinary (188–189) 1 0 1 0.3 3.2 0.1 to 17.9
Haematological (200–208) 2 1 1 1.4 1.5 0.2 to 5.3

CI, confidence interval.

Table 3 Standardised mortality ratio (SMR) of cancer in patients with primary biliary cirrhosis (PBC)

Observed

Site of cancer (ICD9 code) All Male Female Expected SMR 95% CI

Including all years of follow up
All cancers (140–208) 58 11 47 31.6 1.8 1.4 to 2.4
Digestive (150–154, 157) 7 1 6 7.4 1.0 0.4 to 2.0
Liver (155) 12 3 9 0.3 38.6 20.0 to 67.5
Respiratory (162) 19 4 15 8.0 2.4 1.4 to 3.7
Breast (174) 2 – 2 4.5 0.4 0.1 to 1.6
Reproductive (179–180, 182–183) 3 – 3 2.6 1.2 0.2 to 3.4
Urinary (188–189) 2 0 2 0.3 6.6 0.8 to 23.6
Haematological (200–208) 7 1 6 1.8 3.9 1.6 to 8.1
Excluding experience in first year after PBC diagnosis
All cancers (140–208) 46 9 37 28.1 1.6 1.2 to 2.2
Digestive (150–154, 157) 4 0 4 6.5 0.6 0.2 to 1.6
Liver (155) 11 3 8 0.3 39.7 19.8 to 71.0
Respiratory (162) 17 3 14 7.1 2.4 1.4 to 3.8
Breast (174) 1 – 1 4.0 0.3 0.01 to 1.4
Reproductive (179–180, 182–183) 3 – 3 2.3 1.3 0.3 to 3.9
Urinary (188–189) 1 0 1 0.3 3.7 0.1 to 20.8
Haematological (200–208) 5 1 4 1.6 3.2 1.0 to 7.4

CI, confidence interval.
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of experience were only counted after the diag-
nosis of PBC. However, even if the diagnosis of
PBC could have occurred before the cancer
was recognised for some of them (making them
eligible to be included in the main analysis), the
small numbers at any one site would not have
made a material diVerence to the results.

Early work by the group in west of Scotland
noted an excess of extrahepatic cancer in
patients with PBC3: the standardised incidence
ratio in females was 3.5. Recent studies in
Sweden and Denmark found a small but
significant excess incidence of all cancers (SIR
= 1.6 and 1.4 respectively), when they
excluded cancers diagnosed in the year after
PBC diagnosis.7 9 However, a Dutch group
found no excess deaths from cancers at all sites
(SMR = 0.7) using death certificates as the
source of subjects.10 In our study there was a
small, but statistically significant excess of can-
cer incidence at all sites in PBC patients, if
followed from the time of PBC diagnosis
(SIR = 1.7; 95% confidence interval (CI) 1.3
to 2.2): after excluding the first year of follow
up after PBC diagnosis, this SIR was reduced
to a non-significant excess. Small but signifi-
cant excesses were found for cancer mortality
at all sites. While the precise size of any excess
of all cause cancer mortality or incidence is
unclear, the width of the confidence interval
suggests that the data from this and other stud-
ies are consistent with a small excess cancer
risk for PBC patients. Longer term follow up of
this cohort may go some way to answer this
question.

Some previous studies of hepatocellular can-
cer (HCC) in PBC using crude incidence rates
concluded that the risk of HCC was not
particularly high in PBC patients (although
high in other forms of cirrhosis),11 12 while
others concluded that the rate of HCC in PBC
patients was high and similar to that seen in
other females with cirrhosis from other
causes.13–15 A local study recently noted 16
HCCs arising in 667 PBC patients with a total
follow up of 2010 person years.16 However, this
and the current study are not fully comparable,
because although the case definition of PBC is
the same, the series of 667 patients was taken
from the whole tertiary referral practice of the
one liver clinic over 20 years, and the cancer
events were found by searching hospital notes
as opposed to formal registration.

A few studies have attempted to compare
HCC risks via adjusted rates. The Dutch study,
based on death registrations, reported a signifi-
cant excess of HCC mortality SMR = (25.5).10

The large Swedish study found no excess of
HCC in terms of incidence (SIR = 2.9) when
looking at cancers at least one year after
diagnosis of PBC.7 However, the Danish study
gave significantly increased rates of HCC (SIR
= 47).9 We found an SIR of 74.3 (95% CI 32 to
146) and an SIR of 72.7 (95% CI 29 to 150)
when excluding the first year of follow up after
PBC diagnosis. The 95% confidence intervals
were based on few events, so we were unable to
estimate the excess risk precisely, but it seems
likely that there is a large excess risk of liver
cancers in PBC patients. Similar results were

obtained in this study when looking at cancer
mortality rather than incidence rates. The
studies which had used adjusted rates found
large excesses, except for the Swedish study. It
has been suggested that increased risks of HCC
are linked to fully developed cirrhosis.7 16 The
nine subjects in this study who developed HCC
had stage 4 disease: the lack of apparent
increase in HCC in the Swedish study may be
due to the fact that this study contained many
early stage PBC patients.

An American study first reported an excess
of breast cancer incidence in PBC patients
(SIR = 4.4)5; the Scottish group who first
reported an excess in all cancers also found
excess breast cancer in a larger group of PBC
patients (SIR = 3.8).4 A link between breast
cancer and PBC by the potential role of
hormonal factors and immunohistochemical
similarities has been suggested, but little
evidence has been gathered.17–19 However, these
early findings were not supported by the results
of studies in Italy,13 Holland (SMR = 0.1),10

Sweden (SIR = 0.9),7 or Denmark (SIR =
0.9).9 Our study also found little evidence for
an excess incidence or mortality from breast
cancer, whether or not the first year of follow
up after PBC diagnosis was excluded (SIR =
1.1; 95% CI 0.4 to 2.4 for the former).

We found some small excess cancer mor-
tality at sites not previously noted in PBC
patients: there was some evidence of additional
deaths from respiratory cancer, and lympho-
mas and leukaemias. Some studies have previ-
ously found evidence linking lymphomas to
other autoimmune conditions,20 21 but not to
PBC. However, as our results are based on few
cancer events, the evidence is not conclusive,
and may, indeed, be the result of the multiple
comparisons within the analysis. It would
nevertheless be interesting to see whether these
results are replicated in future studies.

We have considered the risks of cancer at
particular sites in four ways: incidence and
mortality, and with or without the first year of
follow up. The estimates of extra risk were
similar whichever method was used. Those
based on more years of follow up had more
precise estimates, as would be expected. There
was a tendency for the estimates based on inci-
dence to be slightly higher than those for mor-
tality, possibly because some of those diag-
nosed with cancer did not die of it, but the
diVerence was not large.

In conclusion, when considering those can-
cers whose links with PBC have been studied
on a number of occasions, the larger and more
rigorous studies concur that it is unlikely that
there is a clinically important excess incidence
or mortality from any cancer associated with
PBC (and specifically breast cancer), with the
exception of liver cancer.

Dr JV Metcalf was supported by a Wellcome Trust training
fellowship.
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